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This paper describes the organization and failure 
analysis of various types of binary address decoders. 
Logical type faults are considered and all possible faulty 
output patterns, resulting from these faults, are derived. 
A basic theory is developed, showing that these failure 
patterns are independent of the decoder size and organi-
zation. Digital simulation programs were used as an aid 
in the development of this theory. Results of the simu-
lation are provided in the appendix. 
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This paper provides failure analysis of one level, 
simple tree and dual tree binary address decoders. From 
the reliability and maintainability view point, any hard-
ware malfunction must be anticipated in some sense. 
Traditional approaches have utilized massive redun-
dancy (requiring more hardware than duplication) or diag-
nosis in an effort to insure reliability. In most cases 
this approach was based on the assumption that logical 
faults in the decoders could cause a wide variety of out-
put patterns. Recently it has been shown(3) that this 
assumption is not true for address decoders with eight or 
less inputs. This paper establishes a basic theory which 
extends these results to the general input case. Due to 
1 
the predictable nature of the failure patterns, fault 
detection and correction techniques utilizing for less than 
duplicated hardware can now be used. 
To consider all possible faults, an algorithm in terms 
of levels, is described for the simple tree and dual tree 
decoders. A general formula is derived to obtain the total 
number and kind of faulty output vector pattern. From this 
study, it is observed that under failure conditions, the 
possible faults can produce: 
1. No effect on the output vector pattern 
2. An output vector pattern consisting of all 
zeros. 
3. An output vector pattern with exactly two 
output lines being one (or active). 
Analysis was performed with the aid of digital sirnu-
lation and the results for a simple tree decoder of four 




The input and output states of an ideal combinational 
network are always related by the functional transformation 
which the network realizes. However, in actual physical net-
works, the input-output relationship may deviate from the 
desired functional transformation even though the switch or 
gate elements are properly designed and interconnected. Any 
such deviation from the proper network behavior will be cal-
led a failure. 
These network failures can be arrived at from a number of 
sources, such as element aging or breakdown, shorted or 
opened interconnections, and coupled noise. These sources 
of failures can never be completely eliminated so that there 
is always a non-zero probability that any combinational 
network may fail. Although network failure is an ever-present 
possibility, the probability of failure can be materially de-
creased by careful element design, by the use of long-life 
components, by reliable interconnection techniques, and by 
careful shielding from noise. Hence, the first step in any 
attempt to improve the reliability of a network is careful 
attention to element design and network fabrication. 
Most sources of network failure can be classified as inter-
mittent, catastrophic, or drift. An intermittent source is a 
non-permanent, non-destructive change which may cause a net-
work to pass back and forth between the failed and non-failed 
4 
condition. Intermittent sources of failure include such 
factors as coupled noise, shorted or opened interconnections 
caused by vibrations, and marginal parameters. This type of 
failure is not considered in this study. A catastrophic 
failureis a destructive or permanent change which causes a 
network to fail and to remain in a failed condition. Catas-
trophic sources of failures include such things as burned out 
components and permanently shorted or opened interconnections. 
This type of failure is considered in this study. Both inter-
mittent and catastrophic sources are assumed to be sudden and 
unanticipated. In contrast, a drift source is a gradual change 
in parameter values. Typically, a failure caused by drift 
passes first through an·intermittent stage due to marginal 
parameters and finally into a catastrophic stage when the para-
meters have drifted far enough to cause a permanent failure. 
Drift sources of failures include such items as aging or wear 
of components. 
A transient failure is caused by intermittent and/or drift 
failure sources, and a permanent failure is caused by catas-
trophic and/or drift failure sources. 
The following constraints are imposed on this study. 
l) A single fault assumption, i.e. one and only 
one failure is assumed to have occurred at 
any one time. 
2) A physical element [wire] of a gate network 
may exist in any one of three elements states. 
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a) The wire is normal in which case its signal 
may switch between the value l and the value 0. 
b) The wire is permanently 1, in which case a 
signal of constant value l appears on the 
wire, this is termed stuck at one [s-a-1]. 
c) The wire is permanently 0, in which case a 
signal of constant value 0 appears on the 
wire, this is termed stuck at zero [s-a-0]. 
3) Gates are consists of diodes and assumed to operate 
perfectly. 
4) The inputs to the decoder are 2n lines; n of 
these are variables, the other n the complements 
of the variables. 
Figure l provides a block diagram of an n input address 
decoder. 
In an address decoder there are n input lines (considering 
uncomplimented variables only) and 2n output lines. 
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Definition - A binary address decoder is a circuit with n 
inputs and 2n outputs, the inputs and outputs are arranged so 
that for each of the possible 2n states of the input vectors, 
one and only one output vector is a 1. Since we are only con-
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sidering the binary case the others are zero. 
Thus, from the circuit point of view, a decoder is a circuit 
with multiple inputs and outputs. From a practical point 
of view, the decoder is a very important circuit because it 
translates the representation of a number from the conven-
tional highly compact positional notation to a 1-out-of-N 
from that is required for physical selection of a single de-
sired object from among several objects. 
Let F be the output of the logic function under consider-
ation. 
Then looking to the block diagram of the decoder F can be 
written as 2n F=X1+x 2+X 3+. . +X2n = }:; X. = 1 i=l 1 







= 1 under fault free condition. 
-+ 
Since y 1 ,y2 , .. ,yn represents the input variables, let yj be 
the input vector. The number of possible combinations with n 
input variables is 2n, so there are 2n possible input vectors. 
The output vector x. consists of combination of input 
1 
variables y 1 , y 2 , ... 'y . n 
Here the first subscript indicates the number of the input 
variable and the second subscript indicates the output vector 
associated with the input. For example y 21 means that it is 
input variable number two and is associated with the first 
output, x 1 . This, in general, is represented by y .. where Jl 
j = 1,2,3, .•. ,n. 
Hence, the following equation can be written 
From the definition of an address decoder; one of the 




line xl. which is one will have ally .. equal to one, while the Jl 
other outputs have~at least, one of they .. = 0. Jl 
III. ONE-LEVEL DECODER CIRCUIT 
A one-level decoder design may be obtained by recalling 
that each output vector has a term containing a single 1. It 
follows that each output is a logical AND function of the 
inputs. If Na is the number of AND circuits, Nd/a the number 
of diodes per AND circuit and Nd the total number of diodes, 
8 
we see that the one-level approach for a n-bit decoder requires: 
a) N = 2n 
a 
b) Nd/a = n 
c) Nd n (cost) . = n.2 
The diode count Nd becomes very large for even moderate 
n; for example, there are 2,048 diodes for n = 8. 
each AND circuit must be capable of eight inputs. 
Moreover, 
One advan-
tage of the one-level circuit is its speed, all signals pro-
pagate through only one stage. A circuit for three input 
variables is shown in Fig. 2. 
The properties for a one-level decoder circuit are: 
a) Level (L) = 1 
b) Fan In (FI) = n 
c) Fan Out (FO) = 2n-l 
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Figure 2 ONE LEVEL DECODER n = 3 
(a) 
. . - . . . . 
1\ 
~\ 
First, we will consider X. assuming the logical 
~ 
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value 1 under the fault free condition. For fault free opera-
tion this implies that all input lines are one, then the fault 
possibilities are s-a-o on any input or s-a-o on the output. 
If any input Y .. is zero, then output X. will become zero. 
J~ 1 
Thus, under this failure the output X. which was one becomes 
1 
zero, and from the definition the other outputs were already 
zero. This makes all outputs zero, hence we get a output 
vector pattern consisting of all zeros. Also, a fault on the 
output line will make the output zero, and we get an output 
vector pattern consisting of all zeros. 
For example if F = x1 + x2 + x3 + • 
x 3 = 1, then under fault free condition F = 0 + 0 + 1 + ••. + 0. 
11 
If a fault, of the type discussed above appeared on x3 
it will be zero. Hence F = 0 + 0 + 0 + ... + 0. 
(b) Now suppose the output X. is zero under the fault 
~ 
free condition. Then, there exists a number of possibilities. 
We will now examine each of these, 
1. All input lines being zero 
The only possible fault on an input would be a s-a-1. 
Since we are using a single fault assumption one of the in-
put lines will faulty and all others are zero, the output of 
the gate will remain zero. Thus, it does not effect the 
output X., hence the output vector pattern is not effected. 
1 
Considering a fault on the output line the only possible 
fault would be a s-a-1. Thus, under failure the output 
becomes one in place of zero. Already, there was one active 
output, thus under this failure it permits two outputs being 
active. This is shown in the following example. If F - X + 
- 1 
x2 + x3 + ... + x2n, x3 = 1 and x2 contains the fault. Then, 
under failure, x2 becomes 1; hence F = 0 + 1 + 1 + 0 + ••. + 0. 
Thus, there would be exactly two active outputs, because 
of the single fault assumption. Here we get an output vector 
pattern consisting of exactly two active outputs. 
2. Single input line~ being zero 
If n-1 of the inputs have a value of one, then only one 
input would be zero. The possible fault on these n-1 input 
lines is s-a-o. Under this fault, the output line X. has no 1 
effect, it will remain zero. 
The fault s-a-1 on the input line which is zero, will 
make the output X. one, we already had one active output, 
l 
thus it gives an output vector pattern consisting of 
exactly two active outputs. For example if F = x 1 + x 2 + 
x3 + ••• + x2n, x3 = 1 and x2 = Y12' Y22' Y32' ... , Yn2n' 
also, let y 22 = 0, the others are 1. As discussed above, 
if y 22 = 1 under failure conditions -then x 2 = 1 and 
F = 0 + 1 + l + 0 + ••• + 0. 
The fault s-a-1 on the output [as described in (1)], 
will also produce an output vector pattern consisting of 
exactly two active outputs. 
3. Two or More Input Lines Being Zero 
12 
In this case, the output vector X. will have more than 
l 
one zero. 
Considering the possible faults, a s-a-1 fault is pos-
sible on an input which is zero; but since more than one 
input line is zero, this will have no effect on the output, 
it will remain zero. Similarly any s-a-o fault on a input 
line which is one, will have no effect on the output 
The s-a-1 fault on the output line which is zero; will 
give two outputs active, as shown above. Thus, since all 
possibilities have been considered, we can conclude the 
following: 
Under failure conditions, the possible faults can produce 
1) No effect on the output 
2) Output consisting of all zeros 
3) Exactly two output lines being active 
13 
These results can prove to be extremely beneficial for relia-
bility design, failure analysis or diagnosis of address 
decoders. However, due to the obvious cost disadvantage of 
using a one level decoder, we would like to prove that similar 
conclusions could be drawn with respect to the more economical 
simple tree and dual tree decoders. 
These results have been shown to hold for 3,4,5,6 and 7 
inputs, by digital simulation [2]. The remainder of this paper 
will be devoted to providing a general proof for any number of 
inputs. 
14 
IV. SIMPLE TREE DECODER 
A simple tree decoder is a particular type of multi-
terminal relay or logic block network having a single input 
vector which may be connected to any one of a number of 
outputs. As defined previously, one and only one output is 
connected to the input at a given time, the selection being 
controlled by the combination of network relays operated. 
Each input-to-output path passes through one and only one 
contact on each relay in the network, and all outputs are 
disjunctive. A simple tree decoder is a less costly approach 
than a one level decoder and is shown in Fig. 3 in both relay 
and logic-block implementation. To help follow the operation 
of the circuit, a particular input configuration (101) is 
illustrated; in the relay circuit, each contact closed for 
these inputs is shown accompanied by an arc. The circuit 
supplies a closed path only to line 5. 
The following properties exist for a simple tree decoder. 
a) Levels (L) = n-1 
b) Fan In (FI) = 2 
c) Fan Out (FO) = 2 [internal] 
n-1 
= 2 [for input drivers] 
Since L represents the number of levels, L = 1,2,3, ... , 
~ 
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Here subscript L indicates that the output is associated 
with the last level. If we write L-1, i.e. the output is 
associated with the next to the last level, for example, 
+ 
Xi (L-1) = Xl (L-1)' X2 (L-1)' . •.' Xz (L-1)' . • •' 
Thus, the XiL will give the condition of the output 
vector in the particular level. 
Looking at the Figure 4 we can write 
or 
or or 
This can also be written in terms of Xil as, 
Similarly, 
xi3 = xi2Y4 or xi2Y4· 
xi(L-1) = xi(L-2) Yn-1 or xi(L-2)Yn-l. 
or 
16 
Thus, for the general case we have XiL = Xi(L-l)Yn or Xi(L-l)Yn 
( 2) 
+ 
By the definition, one of the XiL will be one and the 
others are zero. 
17 
Fault Consideration 
( 1 ) Let xmL = 1 
There is a possibility of fault on the XmL output line itself 
as XmL is equal to 1; the fault which can occur is s-a-o. Since 
the other XiL are zero, this fault makes all outputs zero. 
Hence, we get an output vector pattern consisting of all zeros. 
By the equation (2) XmL can be written as 
observe here that to have XmL=l the next upper level vector 
Xm(L-l) must be equal to 1. The decision is dependent on 
y and y . Also, from equation (2): 
n n 
Again, to have Xm(L-l) = 1 the next upper level vector 
Xm(L- 2 ) must be equal to 1. The decision condition or is 
dependent upon yn-l and Yn-l" In the same way it can be 
shown that to have Xm(L- 2 ) = 1; the next upper level vector 
Xm(L- 3 ) must be equal to one and decision for condition or 
is dependent upon Yn_ 2 and Yn-2" 
Thus, to have XmL = 1 the following should be true: 
xm (L-1) = 1 
xm(L-2) = 1 
X 
m(L-3) = 1 
= 1 
18 
This branch Xm(L-1)' xm(L-2)' xm(L-3)' ... , Xml which is res-
ponsible for XmL = 1, is defined as a live branch. For 
example, let n = 3, we know that for L = n-1, L = 3-1 = 2, see 
figure 4. + + Therefore XiL here will be xi 2 and will look like 
1 + . a so xi(L-l) here 1s, 
Consider x 42 = 1, then by the Equation (2) x 42 = x 41 • y 3 or 
x41 • Y3· 
To have x 42 = 1 the next upper level vector x 41 must be 
equal to one and the decision depends upon y 3 and y 3 . From 
Fig. 4, to have x 41 = ,1, one of the following combinations 
should be equal to one: 
Also letting yly2 = 1, we can observe from Figure 4 that to 
have x42 - 1 the variable y3 must be equal to one. Again by 
induction to have x42 = 1 we must have x41 . y3 = 1. The 
X4 1 • y 3 consists of y 1 y 2y 3 = 1 is defined as a live branch. 
The possible fault on this live branch is s-a-o, and any oc-
curence of such faults will make XrnL = 0, and since all other 
XiL are zero, we get an output vector pattern consisting of 
all zeros. 
By the definition if XrnL = 1, then XiL' X2L' X3L' ... , 
XzL' .•. , x 2 nL outputs are zero. The only possible fault on 
this vector would be a s-a-1. Thus, the output becomes one 
in place of zero. Already, there was one active output. 
19 
Figure 4 SIMPLE TREE DECODER IN GENERAL 
20 
Thus, under this failure it permits two outputs being 
active, there would be exactly two active outputs because 
of the single fault assumption. 
Since an address decoder can consist of all AND gates, 
any other s-a-o faults [other than discussed above] on line 
will have no effect on the output vector pattern. This is 
true as we have all output lines besides XmL zero, and for 
AND gates if the output is zero, then a s-a-o on the input 
line has no effect on the output. Also, it is assumed for 
AND gates that s-a-o fault on the input is equivalent to 
s-a-o on the output. 
Now look at the lines X(m-l)L and X(m+l)L; one of these 
will also possess the live branch of X X ( ) ... , m(L-1)' m L-2 ' 
The X or x~+l)L becomes dead only at the last (m-l)L vu 
level and the responsible component for this will be y or 
n --
Again, looking to the example of n=3, with the same 
assumption x 42 = 1 if y 1y 2y 3 = 1; observe that y 1y 2 are 
active up to junction x 41 and the output x 12 is dead only 
because of y 3 = 0. Therefore, y 3 is the responsible component 
for making x 12 dead. 
The possible fault on this component is s-a-1, since the 
true output would be 0; this type of fault will give another 
active output either at x~-l)L or X(m+l)L. Hence, we get the 
output vector pattern consisting of exactly two active out-
puts, one at xmL and another at either X(m-l)L or X(m+l)L. 
(2) Consider another term XZL = 0. Then by equation 
( 2) • 
or 
Observe here, to have XzL = 0 the next upper level 
vector Xz(L-l) must be equal to zero. 
Then again, Xz ~L-l) = Xz (L- 2 ) yn-l or Xz(L- 2 ) Yn-l. 
21 
To have Xz(L-l) = 0, we must have X2 {L- 2 ) = 0. Thus, to 
have XzL= 0 the following should be true 
Xz(L-1) = 0 
X z (L-2) = 0 
. 
XZl = 0 
We define the branch Xz(L-l)' xz(L- 2 ), ... , xzl which is 
responsible for XzL = 0; is a dead branch. This can be 
visualized algebra~cally as in the same way as discussed in [1]. 
Now it could be possible that ~L is dead only due to 
one input line which is equal to zero. For example, with the 
same assumption x 42 = 1 if y 1 y 2y 3 is dead only due to y 3 , 
and its associated output is dead because of y 1 . 
The possible fault on this input line is s-a-1, and 
the dead branch x z[L-l) , X z·(L- 2 ) , b 1· ' ... , Xzl ecomes 1ve; as 
a result XzL becomes 1; we have XmL = 1 already, thus, we get 
the output vector pattern with two active output lines. 
If the X2 L is zero due to more than one input line; 
then any possible s-a-1 fault on the input line will have 
no effect on X 2 L; this fault will have no effect on the 
output vector pattern. 
Thus, since all possibilities have been considered we 
can conclude the following. Under failure conditions the 
possible faults can produce: 
1. No effect on the output 
2. Outputs consisting of all zeros 
3. Exactly two output lines being active 
22 
V. DUAL TREE DECODER 
The dual tree decoder is a different and less costly 
circuit than the simple tree, although its internal fan-
out requirements are higher. The basic idea is to decode 
the input variables in pairs in one level of the circuit, 
then combine each output of these with every other output 
to produce the next level of outputs. This process con-
23 
tinues until all outputs are derived, for example see Fig. 5. 
The dual tree may be designed by a symbolic procedure( 2 ) 
which will now be described and illustrated. A diagram 
containing boxes with a number in each box is contructed 
according to the following rules [these follow the pair-
combination principle described above]. 
1. The box on the far right is labeled 2n. 
2. Each box [except the last] feeds one and only 
one. 
3. Work back to successive boxes, each box requiring 
two inputs. The numbers in the two boxes 
feeding any given box must such that, a) their 
product is the label on the given box, b) each 
number is a power of 2 and possessing boxes in 
the same level should be as close as possible. 
There are no boxes labeled 2 since these correspond to 
inputs. Each box in the symbolic diagram represents a set 
of two-inputs and circuits. The number of AND circuits in a 
set is the number placed in the box. Note that this is the 
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question. Each symbolic line represents a set of physical 
lines, each line in the set being a 1 only for one of the 
combinations of the variables involved. 
Properties of Dual Tree Decoders 
( 1 ) L - Leve 1 s = { Log 2 n . 
The meaning of ceiling r- K +- ["X , K is an integer 
K - 1 < X .$ K. 
(2) FI - Fan-In = 2 
(3) n72 Fan-Out =2 [internal]. 
2 for input drivers. 
Symbolic Design of Dual Tree 
Decoders 









(a) Number of levels = 
Log 2 8 = 3 
(b) Fan Out = 16 
(c) Fan In = 2 
26 
(b) 9 bit 
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In the case of a dual tree decoder we decode the input 
variables in pairs in the first level of the circuit. 
For 8 inputs 
Then after getting this we combine each output of 
these with every other output to produce the next level of 
outputs. Again, for the above example 
We continue this process until we have derived all out-
puts. In the above example we have L = 3, so xi 3 is in the 
last level and 
27 
Then looking b a c }; ·J, ; ~ d , X.- -- xi2 xi2 ]_ ,j . 
where xi2 = yly2y3y4 
' xi2 = YsY6Y7y8 
Then, xi2 = 
I 
xil .xil 
where ' xil = yly2 and x. = Y3Y4. ]. 
' Also, xi2 = X" X" ' iL iL 
Where X. " = y5y6 and X" ' = y7y8. ]. iL 
Then in general xiL = xi(L-1) ' xi(L-1) (3) 
Note that L = fL;g 2n. 
The XiL represents XiL = XiL' x 2L' x 3L, ... , X(m-l)L, 
From the definition one of these will be one and the 
others zero. 
Fault Consideration 
(1) Let xmL = 1. There is a possibility of a fault on the 
xmL output line itself. Since X mL l.S equal to 1, the fault 
that can occur is s-a-o. Now, since the other xiL are zero 
this fault makes all the outputs zero. Hence, we get an 
output vector pattern consisting of all zeros. 
By equation (3) we have XmL = Xm(L-l) / 
• xm(L-1) · 
• d I S1.nce XmL = 1, then Xm(L-l) an Xm(L-l) must be equal to one. 
28 
' 
... , Yk-1' Yk = xm{L-2) xm{L-2) 
where k < n. 
u 
... , Yn-1' Yn = xm{L-2) m 
• xm{L-2) · 
I 
Thus, to have Xm{L-l) and Xm{L-l) equal to 1 we must have 
II If I 
Xm{L- 2 )' Xm{L- 2 )' Xm{L- 2 ) and Xm{L- 2 ) must be equal to one. 
This conditional chain will continue up to the first level. 
Any fault which makes one of these constituents equal to zero; 
more specifically any fault on line Xm{L-l)' 
X~{L-l)' Xm{L- 2 )' X~{L- 2 )' X~{L- 2 ), x~{L- 2 ), etc. will make 
the XmL zero. Hence, we get the output vector pattern 
consisting of all zeros. 
For example, in the case of Figure 5 where n = 4, L = 2, 
then 
By equation '{3) we have X3 2 = X31•X'31. 
To have x 32 = 1, the outputs of the next upper level 
vectors, i.e. x 31 and Xj1 should be equal to 1. Now, 
X31 = Y3Y4 and Xjl = Y1Y2 
{i) Suppose it would have been more than two levels. Then 
this process would have continued until we came to the first 
level output vector in terms of input variable. 
Also, any s-a-1 fault on other output lines of the last 
level, will give an output vector pattern with exactly two 
active outputs. 
(2) Consider another vector 
X = 0 ZL 
by equation (3) 
X = X • X' 
zL z (L-1) z (L-1). 









In short, both could be zero or one of them must be zero. 
(i) Suppose Xz(L-l) ~nd -X~(L~l) both are zero. Now, 
k < n 
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Any fault on the upper level makes Xz(L-l) or X~(L-l) equal 
to 1 having no effect on the output XzL which will remain 
equal to zero. 
(ii) Suppose one of them is one and the other is zero. Let 
Xz(L-l) = 1 and x~(L-l) = 0. Any fault which makes Xz(L-l)=O 
and the XzL remain zero; has no effect on the output vector 
pattern. But any s-a-1 fault which makes x;(L-l) = 1 also 
makes x 2 L = 1 and we will have an output vector pattern con-
sisting of two active outputs. 
For example, looking at Figure 5, we let x 32 = 1. 
Now observe the output vector x52 which has component x51 
and x;1 consisting of y 3y 4 and y1 y 2 respectively, x51 and 
30 
x5 1 are both zero. Also, observe x 42 = 0 which has components 
Here 
So a s-a-1 fault on x41 makes the x42=1 
and we get an output vector pattern consisting of exactly two 
active outputs, namely x 32 and x 42 • 
Thus, from all possibilities considered above we conclude 
that under failure conditions the dual tree decoder will have 
the following possibilities: 
(1) The failure has no effect on the output 
vector ·pattern. 
(2) The output vector pattern consists of all 
zero. 
(3) The output vector pattern consists of exactly 
two output lines being active. 
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VI. MATHEMATICAL DERIVATION 
From the above discussion we have the following: 
( 1) Two outputs could be active at once. We know that the 
number of different combinations of K objects taken z 
at a time is 
we have ~ 




= x1 + x2 +, ... , + x2 n 
Thus, we have 2n possible outputs and the two will be active. 
Applying the above fact, we have a different combination of 
2n vectors taken 2 at a time, we can now write 
Therefore, we have obtained a number of faulty output vectors, 
with two outputs active. 
Comparison with Simulation 
The simulation programs [1] simulates asynchronous cornbina-
tional circuits. It gives true and fault insertion simulation 
of the circuit. The simulator was used for n=2,3 and 4. We 
computed the possible number of n things taken two at a time 
for the following cases. 
(1) For n = 2 4! 
2!2! 
= 4.3.2 = 6 
2.2 
All of these possibilities were shown, by the simulation, to 
exist. This verified the case n = 2. 
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(2) Similarly, for n = 3 we have 
C)= 8! 2! 6! = 28 (we obtained the same by simulation} 
(3) For n = 4 the corresponding results were obtained. 
( 162) = 6! 2!14! = 120 (the same result was found by 
simulation) 
Again, looking at the above results the following can be 
obtained 
1. 6 = 1+2+3 
2. 28 = 1+2+3+4+5+6+7 
3. 120 = 1+2+3+4+5+6+7+8+9+10+11+12+13+14+15 
Modifying the standard formula for summation, we can 
write the number of output vectors with two outputs active at 
one as, = 2n-l [2n-l]. 
The simulation also indicated the all zero output vector,under 
faulty conditions, for the appropriate cases. The cases simu-
lated verified all the predicted output vector patterns for 
both the faulty and fault free cases. 
We also know that these are 2n true output vectors under 
fault free condition. 
Finally, the possible distinct output vectors under both 
faulty and fault free conditions, will equal 
2n 
F = !: 
i=l 
Table 1 indicates the position of the active lines for 
the cases of two outputs being active. 
(112) 

















( 2 1 3) (314) . . . . . . . . . (2n-2 ~fl-1 
( 2 1 4) (315) . . . . . . . . . ( 2 n-2, 2n) 
(2 1 5) (3,6) 
. 
(2,2n-l) (3 12n) 
(2,2n) 
Table 1 
INDICATES POSITION OF TWO ACTIVE 
OUTPUTS 
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{2n-l I 2n) 
Example: 
n = 4 Table II: DECODER OUTPUT PATTERN 
1.2 2.3 3:4 4.5 5.6 6.7 7.8 8.9 9.10 10.11 11.12 12.13 13.14 14.15 15.16 
1.3 2.4 3.5 4.6 5.7 6.8 7.9 8.10 9.11 10.12 11.13 12.14 13.15 14.16 
1.4 2.5 3.6 4.7 5.8 6.9 7.10 8.11 9.12 10.13 11.14 12.15 13.16 
1.5 2.6 3.7 4.8 5.9 6.10 7.11 8.12 9.13 10.14 11.15 12.16 
1.6 2.7 3.8 4.9 5.10 6.11 7.12 8.13 9.14 10.15 11.16 
1.7 2.8 3.9 4.10 5.11 6.12 7.13 8.14 9.15 10.16 
1. 8 2.9 3.10 4.11 5.12 6.13 7.14 8.15 9.16 
1.9 2.10 3.11 4.12 5.13 6.14 7.15 8.16 
1 .10 2.11 3.12 4.13 5.14 6.15 7.16 
1 .11 2.12 3.13 4.14 5.15 6.16 
1 .12 2.13 3.14 4.15 5.16 
1 .13 2.14 3.15 4.16 
1 .14 2.15 3.16 
1 .15 2.16 
1.16 
For Example: 1.2 means two active outputs possible at 





This study has considered single logical faults of 
the s-a-1 and s-a-o type, for binary address decoders. We 
have shown that the decoder output patterns, under failure 
conditions, are highly predictable. Actually, all output 
failure patterns are covered by the following three cases. 
1. No effect on the output vector pattern 
2. The output vector pattern consisting 
of all zeros 
3. Exactly two output being active in the 
output vector pattern 
The significance of these results lies in the fact 
that when failure patterns are predictable, more economical 
hardware or software diagnosis techniques can be utilized. 
This is particularly important with respect to memory 
address decoders. If a computer memory is to be designed 
for reliabiJ.ity, the basic design is dependent upon the 
types of failures which can occur. From the analysis pre-
sented in this paper we know that zero or two outputs 
would be active under failure conditions. This condition 
can easily be checked by the use of a parity device on the 
decoder outputs(3)_ Hence, memory accessing failures would 
at least be detectable. 
3G 
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This appendix contains the simulation output for an 
example case. As stated previously, the results obtained were 
consistent with those predicted by the theory developed in 
this paper. The faults are inserted according to level-gate 
sequence. The resulting output vector pattern is listed 
under the output vector heading. All possible input vectors 
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F~ULTS hHICH YIFLD TRUE OUTPUT (LEVEL~GhT~ SEQUENCE) 
INPIII NO I EVEI GATE TYPE I /0 S A ~0 OF INPIJT OlJTP!JT VlllDR 
-
1 
_______ _,__ ___ _ 
3 
1 1 AND 1 1 1 
_l_ 1 MlD 1 1 1 
1 1 A f\' D 1 1 1 
0000000000000001 
_____ 00_00_00_0 0 00 00 U 01 0-~-
0000000000000100 
4 l _ 1 flf\1D __ 1 _ I l____ _ ___ QQOllliuODDOOOUillD 
9 1 1 AND 1 1 1 0000000100000000 
__ __ _ l Q_ ------~ l AND _ 1 .L__ __ __....__ ___ __.._Q 0 iJOD_l0 0.0 C 0 ClO 00..__ __ _ 
11 I 1 1 AND 1 1 1 OO~U0100QOCOOOOO 
12 1 1 AND 1 1 1 0000 1000000000.2,._ ___ _ 
13 1 1 ANn 1 1 1 CC01000JOOCOOOOO 
-~-l4 ________ l_ __1~-J\~ID 1 _GQl_O_QQ.U_vO_vOQOOOO ___ _ 
15 1 1 i\ND 1 1 1 010000000COOOOOO 
16 ] l /\NO I l 1 1 OJDOCOOOOCJlGJl.JoLO...._O ____ _ 
1 1 i\.~0 1 1 ? COJOOGOOGOCOOOOl 
. __ 2 _______ ... .. L-----------~-----1\N 0 _____ l 0 0 0 0 OQJ)_'JO.O G 0 0 0 1 Q ____ _ 
1 1 1 IHJO 1 1 2 OOQ00000000001GO 
4 1 l A"JD l l 2 OOOOOG.QQQ_Q_Q_QLQQ~----
r:, 1 1 M!l) 1 1 2 COOOOOOOGOOlOC08 
6 1 - - -- 1 ---- /1~!0 . ----- 1 - --- _l _____ L_~ ____ COOOOOOOOOlOOQCO ________ _ 
7 1 1 /\MJ 1 1 2 OOOOOOCOu1000JOO 











1 2 OOOlOOOOCOOOOJOO 
1 __________ 2_____ _ _______ OOlOOOOOOOCOOCOO 
--...1 
w 
15 1 l A~JO 1 1 2 G10COOOOOCOOOOOO 
16 1 l 1\~ 1 0 1 1 2 100000000000Q~O~O.w:..O ___ _ 
1 1 I ~~0 0 C OOJOOOOOG0000001 
__________ 2 _____________ l _______________ L l\ND _Q_ (\ 
__Jl _D_OUOOO_DOOOOO'JO 10 _______ _ 
3 1 1 1\NJ 0 0 00000CiOJOCOOOlOG 
4 l I fi~IQ 0 0 CO~JJCCOOCJlUliQO.->.L_ ___ _ 
5 1 . --- ----1-----A~JO C-----0- c0ococo6-00C10COO ------ -- --
f, l l tNO 0 0 OC000000001000CG 
-
7 l l ANO 0 0 C000000001000000 
p 1 1 M!f) 0 0 OOOOOGCOlOOOOOGO 
-
9 1 1 AND 0 . 0 COOOGOOlOOGOOOOO 
lC 1 l !\ 1\J :) 0 0 OOOJC01000000000 
11 1 1 AND c 0 00000100UOJOOOOO 
12 1 1 AND 0 (J C(;001000:JCOOO'JOO 
---------- --~--------- ·-----·-···-- --- ·---------- --- --
1.1 1 1 t\N I) c 1 
l't l 1 tPJf) c 1 OC10COOOGOGG0000 
1 ') 1 l AND 0 1 01GOOCOOOOQOOJOO 
16 1 1 AND 0 1 1000000000000000 
~ ·--- - ----~----·----
-- -----· 
·---- ----------- ---. 
1 2 fiND 1 1 1 OOOJOOOOOGCOOGOl 
? 1 2 A~JD 1 1 1 COJOOOOOCOOOIJOlJ 
3 l 2 AND 1 1 1 OOJGOC0UCOOC0100 
4 1 2 AND l l 1 OOJCOGOQOOC010CO 
- ---- ----- -----------. --·- ···- --- ------ ----
'i l 2 AN[) 1 1 1 COJOGGOOOOOlOOOO 






















2 ANn 1 1 l 
2 AND 1 1 1 
? AND 1 1 1 
2 IVJ 0 1 1 1 
2 ANO 1 l l 
2 AND l 1 1 
2 A~D 1 l 2 
2 ANC 1 l 2 
? AND 1 1 2 
2 ~NO 1 1 2 
OGOJC00001000000 
GOJ0000010000000 









q 1 --------2 "-N-o 1 1 z o-oocfoooTo--o-oo-oooo 
1( 1 2 ANO 1 1 2 0000001000000000 
--~~~-~~-
11 l 2 AND 1 1 2 OOOG0100COCOOJOO 
12 1 2 ~NO 1 1 2 OOJ0100JOOOOOOOO 
13 l 2 t\f'\0 l 1 ?. U0010000COCGOCOO 
14 l 2 AND 1 l 2 0010000000000800 
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3 -~-~---i 3 MTD 
4 1 3 AND 
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1 l 1 G00000010JOUOOOO 
l 1 1 OC0000100JOOOOOO 
l 1 1 OOJC0100000GOOOO 











~ND 1 1 2 0000000000010000 














0 0 (") 
0 0 -,
 


















































0 0 C) 































































0 0 0 0 0 0 c.; 






































































0 c 0 c. 
0 C.) 
c 0 0 0 C; 
c 0 w 
0 0 -0 0 0 a 



































































































0 0 0 C"""' 
0 0 0 ,_..., 
0 0 0 0 0 0 0 0 





0 a 0 0 C' 






















































0 0 '") 
0 0 0 0 ,::; 






0 0 0 0 0 u 































































































































































































































































c z < 
















































15 1 3 I\ NO 0 0 0100000000000000 
16 1 3 AND 0 0 10000000COOOOOOO 
1 1 4 AND 1 1 1 OOOOCOOGCOOOOUGl 
2 1 4 AND 1 1 1 0000000000000010 
3 1 4 ANO 1 1 1 o o (nrc:fcfo o con <To 1 o·o 
4 1 4 ANO 1 1 1 COOOCOOOCOC01000 
5 1 4 AND 1 l 1 OOOOCOCJOGOOlOOOO 
6 1 4 ANO 1 1 1 000000000010000U 
7 1 It AND 1 1 oOlY.Joao·oo 1 ooocco 
8 1 4 AND 1 1 1 0000000010000000 
13 1 4 AND 1 1 1 OOOlOCGOOOC'OOOOO 
14 l 4 t1 N f) 1 l 1 OC100000C00CJOOOO 
15 1 4 ~NO 1 1 CTOO"Ouv000vC0 1J00 
16 l 4 MJO l l 1 1COOOOOOCGOC'OOOO 
1 1 4 h"J() l 1 2 OOJOOOC000000001 
2 l 4 IH-1 f) l 1 2 CC00000000000010 
-~~--~-- ·------- - --------------j 1 4 J'.N f1 -----i 1 2 co 0 JCO 0000 000 1 od 
'• l 4 AND 1 l 2 000000000CLi01000 
9 1 4 A~'JO 1 1 ? 0000000[00000000 
1C 1 4 MJD 1 1 ? OOOuCOlOOOCCOOOO 
- --------
1 1 1 4 M!D 1 - ----- i 2 COJJLJ10000000000 -- ---
1? l 't A~J n 1 1 2 0000100000CCOOOO 
11 l 4 M\0 1 1 2 C0010000COOOJOOO 
14 1 4 t,ND 1 1 2 OulOOOOCOOOOOOOO -..J 00 
15 1 't M;f) 1 1 2 G 10000 (J.JOOCOOOJO 
16 l 4 AND 1 1 2 100JOOOJOOCGOOOC 
1 4 hNf) 0 1 o oJ o co oco o boO-') d-1 
2 1 4 AND G 1 CuJDOOOOOOUOOOlO 
3 1 4 AND 0 1 00.')0 00 ODOO COO 100 ---- ------- --
4 1 4 ~NO 0 l 00·)00COQO OC 01000 
----
-
'i 1 4 ll.NO 0 0 OCOOCCJOOOCGlOODO 
t-
' 
'+ <\"if) G 0 COJOG08QOC 1(·0GGO 
7 I 4 h ~~ [) 0 0 (;00JCCOOu10GCCOO 
R 1 4 i\N 0 0 0 0 0 l) 0 0 Q •J 0 1 0 (; 0 c c 0 0 
~- ---- -----
--
() 1 '• :'l ~J n c 0 OOUJUJOluOCOOOGO 
10 1 4 1\ ~: 0 0 G LJ000Cl00JCCJOOO 
-------·--
1 1 1 4 1\ND G c OOO~OlCOOCUC0000 
12 1 4 r..~Fl (j 0 C.CJul:JGOCCCCJOOO 
- - -
13 1 '• ~. ~ J f) 0 0 CU:J1COOOCCCCOJGO 
14 1 4 !\,\ n 0 0 C:U1CCSO'JOCCCOJCC 
1~ l 4 1\~Jn 0 0 ulJOOuCuCJCOOOOO 
H, 1 4 .~ ·~ n 0 0 1 0 •J 0 0 0 0 J 0 0 (; c 0 0 c 0 
1 , 1 t.ll, n 1 1 1 c c J ·~ u () 0 0 ,_; 0 0 0 J 0 0 1 L 
l .1 1 .'\"' :) 1 1 1 OU~JCOJGJCCUCC10 
- ----·· -----~ 
3 ) 1 h ~J ') l 1 1 OJJ~.J<')CJJOJOCCC 1 CO 
4 ? 1 ~~, J L) 1 1 1 Cr0000CJ02CG1020 
'i ? 1 M.r: 1 1 1 C 0 J l 1 0 U U J 0 U G 1 rJ V C 0 
6 7 1 .~ .'J [) 1 1 1 COJJOJOOC010UOOC -._J _::; 
7 2 1 AND 1 1 1 OOOOOOOOC'lOOOOOO 
A 2 1 AND 1 1 1 00000000100COOOO 
----------- ··--- -- ---- - --
9 2 1 AND 1 1 l OC00000100000000 
10 2 1 ANn l 1 l OOOJOOlOOOCOCCCO 
11 2 1 AN f) 1 1 1 00000100COCOOOOO 
12 2 l J\NO l l l OOOOlOOOOJOOOOOO 
-------------- ----· --
15 2 1 AND 1 l 1 OlOGOOOOOOOCOCOO 
lb 2 1 ANO 1 1 1 1000000000v00000 
1 2 1 AND 1 1 2 0000000000000:)01 
2 2 1 1\N D 1 1 2 OOOOOOOOOOOC0010 
5 2 1 AND 1 1 2 o o o do o o-6 o o b-!oo oo 
6 2 1 ~NO 1 1 2 C000000000100000 
----
9 2 1 AND 1 1 2 0000 OOCJ T(fdco 0 oo·o 
10 2 ] AND 1 1 2 000000100GOOOOOO 
13 2 1 AND l 1 2 COutOOOOOOOCOOGO 
14 2 1 r. "J i) 1 1 ? 001000000GOCOOOO 
15 2 l MJ;) l 1 2 o 1 0-tTOCObcoooo(:fbo-
16 ? 1 AND 1 1 2 lOOOOOOOOOOCOOuO 
1 2 1 ttND 0 0 OOOOOOOOCvOOOOOl 
? ? l At'\ I) 0 0 OOQOOOO'JCOCOOCJIO 
.. ·- --- - ---·-·-
3 -------- ?-------- 1---A\JD 0----0 cfca·uoo oJuo coo 1 ocf 
4 2 l t.N [1 G 0 0000000000001000 
') 2 l fir\ !I 0 0 - - --------oDiJOOuO IJ o 0 o 1 0 C5 o 0 
00 
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4 ? ~ 
5 2 2 
6 2 2 
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noo-o·oo oo·crroo oo oo 
Ou0000001COOOOOO 
0000000100000COO 
lC 2 ;? t\~lD l l 1 OCiaOOOIQOOGOCGOQ 
11 2 ? fl N f) 1 1 1 OOOOU10JOOCOOOOO 
---- -12 - --- ------ ---2 ---~z __ ___AND OG_l()QDQDOOOQQQ ____ _ 
13 2 ? AND l 1 1 00010CJOCOOOOOOO 
14 2 2 M'D l 1 1 001 ooooocoooac,oo 
co 
f---' 
3 2 2 MJf) l 1 2 COQ0000000000100 
---4 2 2 t\ND 1 l 2 OQOOilllQOODQD_lO.OQ ___ _ 
7 2 2 ~NO l 1 2 G00000000100GOOO 
-'-"-----_? / ___ _ MlD _ L-~- .. 2 _ __ 0 0.0 0 0 0 0 u 1 0 0 0 0 Q 0 0 
11 2 2 ANO 1 1 2 0000010000000000 
12 2 2 AND 1 l 2 CD_Q.QlO_OQOOOQOOOO ____ _ 
13 2 2 AND 1 1 2 0001000000000000 
14 2 2 6ND 1 1 2 OO)OG00000000000 
15 ? ? AND 1 1 2 011JOOC0000000000 
----16 ----2 2 t\ND 1 1 2 l.wlDDODOOOGOOOOQ ____ _ 
1 2 2 AND 0 0 GOOOOOOOOOOOUOOl 
z 2 2 AND 0 Q OQOOOOOOCOCGOOJO 
3 ? 2 AND 0 0 OOOJOCOJOOOOC100 
____ 4 ___ 2 _z .At:n _ _QQJD0000000Cl000 ______ _ 
5 2 ? AND 0 0 0000000000010000 
h 2 2 ANn ~- n ocaocoorooJooooo 
7 2 ? AND 0 0 OOOOOOOOC1000000 
8 _______ 2 ___________ 2 __ .M1Q ______ Q __ ____o OOOQOOOOlOOOOOQQ _______ ~~--
() 2 ? ANQ 0 0 OOOOOOOlCOOOOCOO 
lC 2 ? ~N 0 ,) 0 O!ll)QOL 1 O(}Q__QQ_O_l.LC.u.OJ..LO ____ _ 
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1 l 1 OCIOCOOOOOOOOUOO 
1 1 1 01JOG000000GCOOO 
1 l 1 lGOOOOOOOOCOOOOO 
1 1 2 CCOuOOOO-OGGOOOOl 
1 1 2 OCOOCOOOOOOOC010 
1 1 2 oooocuoooou1oooo 
1 1 2 CCQOOOOOC.010000C 




































AND -1- --1 
AND 1 1 
~ ~l [) 







2 3 ~ND 0 0 
2 3 ANO 0 0 
2 3 AND 0 0 
2 3 MlD 0 0 
2 3 AND Q 0 
2 
2 













11 2 3 AND 0 1 OOJOClOOOOOOOOOO 
COOOlOOOCOOOOOOO 12 2 3 AND 0 1 
13 2 ' AND 0 0 OOOlOOOOCOOOOOOO 
14 2 3 A~D 0 0 0010000000000000 
15 2 3 ANn 0 0 0100000000000000 
16 2 1 ANn C 0 lOOOOCOOOOOOOOOO 
1 2 4 Af\JO 1 1 1 OOOOCOOO(cf6o6-d(Y! 
2 2 4 AND 1 1 1 OCOOOOOOCOOOOOlO 
'l 2 4 AND 1 1 1 COOOOCOOCOOCGlOO 
4 2 4 AND l 1 1 OGOOUOOOOOCOlOOO 
-~------
5 2---- 4 t\Nn 1 1 1 ooocooobc-cfofoooo 
6 2 4 AND 1 1 1 0000000000100000 00 ~ 
7 / 4 Af'~O 1 1 1 00000000Ul000000 
8 ?. 4 At-\() 1 1 1 COOOOOOG l OOGOOOO 
. 
q 2 4 At'-!0 1 l 1 d6~t~0c t oootocod 
1C 2 4 AND 1 1 1 OCOCOC l GCOOuOOOO 
13 2 4 hl\!0 1 1 1 COU l OOOOOCOOCOOO 




15 ? 4 AN() 1 1 1 o toe oc o-6c oooo·a oo 
16 2 4 t.~O 1 1 1 1000COOOC0000000 
3 2 4 M !D 1 1 2 COOJOOOOCOOOO l OO 
4 2 4 ANO 1 1 2 OOOOOCOOCOOG 1COO 
---· 7 2 4 At.JD 1 1 2 Go o0oc6bG1cdoGoo 
p 2 4 fi~!D 1 1 ( OOOOOOOJlOOGOOOO 
--
Q ? 4 MJO 1 1 2 OGOOOOO l OOCCOOOO 
10 2 't At-.0 1 1 2 000000 10COOOOOOO 
11 2 't At-JO 1 1 2 0008U l 00UOuOGOOO 
12 2 4 AND 1 1 2 0000100000COOCOO 
1" 2 4 ANI) 1 1 2 OlOOOOOOCOOObOOO 
16 ? 4 (11\l [) l l 2 100000CJ000GOOOOO 
1 2 4 - A~JO 0 0 G00000000000000 1 
2 2 4 6ND 0 0 00000GOOOOOOC0 10 
- - 3 2 4 A~t f) c 0 c o·Ju-oc:oo-oo·cfoc.Y t a·o 
4 2 4 AN f) 0 0 COOOOOOOOOC0 1000 
5 ? 4 t\ t\f) 0 0 OuOOOOOOOOC1 00CO 
~ 2 4 ANO 0 0 OOOOOOOOOOlOOOOC 00 \.11 
7 2 4 AND 0 0 Oliocfaocfoo ro·ooooo 
8 2 4 AN D 0 0 0000000010000000 
9 2 4 J\NIJ 0 1 OOOOOC010000000G 
10 2 4 AND 0 l OOJOOOlOOOOCOOCO 
11 2 4 ANO 0 0 ooooo cocma·oo0_o_o_o 
12 2 4 AND 0 0 OOJ Ol COOOOOOOCOO 
13 2 4 AND 0 0 OCO l OOOOCOOOOOOu 
14 2 4 AND 0 0 0010000000000000 
15 2 4 AND 0~ 0 010 000 0-0-00(fOOC Ov 
16 2 4 AND 0 0 lOOOOOOOOC OOOOOO 
1 2 5 AN D 1 1 1 GOOOOCOOOOC00 00 1 
2 2 '5 ANn 1 1 1 00000000000000 10 
3 2 5 AND 1 1 1 uoo oooooco-ooo-1 Do 
4 2 5 hNO 1 1 1 000000000000 1000 
7 2 5 ANn l 1 1 OOOOOOOOG 1GOOOOO 
p ?. 5 fi NO 1 1 1 00000000 10000000 
q 2 &:) A-ND 1 1 1 OGOU O(f01 Ob.OO()O 00 
10 7 5 fiNO 1 1 1 000000 1000000000 
- ·· --- ·--- - -- - . -11 2 I) t.~n 1 l 1 OOOOO l OOGOCCOOOO 
12 ? 5 t\N i) 1 1 1 OO~C 1000uOuOOUOO 
13 7 5 /11'\i) 1 1 1 000 1G000000COOOO 
1'• 2 5 AI\Jn 1 1 1 00100000 0000 0000 
- -
- ---- -
0 100000000000000 15 2 lj fi NO 1 l 1 
co 
16 2 5 AN f) 1 1 1 1tOJOOOOGOCOOOOO 0\ 
-··--
~ - - --.- --· . 
1 
2 
2 5 AND 1 1 2 OCOOOCOOOOOC0001 
2 5 AND l 1 2 0000000000000010 











q 7 5 AND 
10 2 5 A~D 
13 2 5 
14 2 















il ~: n 
1 1 2 0000000000100000 
1 1 2 0000000001(00000 
1 l 2 OOJJ000010000COO 
1 1 2 
1 1 ? 
1 1 2 






























































































--- -·-··--- - --------·· -- --·---·- -·-- ·-------·----------- -~----· -·-·- -----·· --- ----·-
1'> 2 t; Atlif) 0 0 01QOOOOGOOOOOCOO 
16 2 5 ANn 0 0 100000CQOOCCOOOO 
1 2 6 AND l 1 1 OGJOOGOOOOOOOC01 
2 2 6 AN[) 1 l 1 OGOOCOOOUOOOOOlO 
3 2 f, A~{) 1 1 l o cf(fv ooc0oo -ao·o-r a· a 
4 2 f:, AN f! 1 1 1 0000000000001000 
5 2 6 i\N D l 1 1 000000Gv00Gl0000 
6 ? A AND 1 1 1 0000000000100000 
----
9 2 6 ".NO 1 1 oooc-oo rco-croNroo 
lC 2 t- AND 1 l 1 0000001000000000 
11 ..., 6 A~D 1 1 1 OCOOOlOJOOoOOl/OTI L 
12 2 6 AND 1 1 1 000u10COOOOOOOOO 
13 2 f. A t\1!) 1 1 1 c oo·I-cr-ou oooo·oa o(5 
14 2 6 MJD 1 1 l 0010000000000000 
15 2 f) ,\ ~: i) 1 1 1 OlOOOOOOCOOOOOGO 




3 ? 6 ANO 1 l 2 oto oTcYooooootn oo 
4 2 b t\f\1 f) l 1 2 0000000000001000 
5 2 6 A"~ D 1 1 2 Gooococ~ooutcroao 
6 2 6 MW 1 1 2 OOOCOOOOOClOOOOO 
7 
- -- ---- ----·- 2-------------6--- AUJ ------r----1 2 0-00CC00001 000000-----------
R 2 A MW 1 1 2 00jQJOGu10000000 
1 1 ? 6 A t\1 [) 1 1 2 Ou000100G0COOOOO 
12 2 6 AND 1 1 2 OG0010COOOOOOOOO OJ 
OJ 
____ 2 ______ -- - ------- OlOOOCCOCGOCunuO ---·-·--- -- . I c:; 2 r, A~_~ fl 1 1 
16 2 6 AI"W 1 1 2 lOOOOOCJCOOJOOOO 
1 2 6 Af'.J:,I 0 0 GOJOOGOOiJ\JOCLlOOl 
2 2 f.; Al't f) 0 0 OO'J:JOOCOOG000010 
------ -
-- ----~-
3 2 6 MW c 0 ccouoocooooor.1co 
4 2 f) A ~r o 0 0 00000000000)1000 
·---~ ----·----·--·-
5 2 A A~fl c 1 OOUOC00000010000 
(' ? 6 ~'~ ~; n c 1 0 0 •J 0 0 0 l) 0 0 0 1 0 0 0 0 0 
-
7 2 6 MiD 0 0 OOGOGG00010COOOO 
8 2 f, A\J D 0 0 000000001CJCOOOOO 
-- ----- -- ---·-
-
--
- -----~ -. 
9 2 6 At\1 0 c 0 GOUOOOOlOOOOGOOO 
1 c 2 6 Af\D 0 0 CC~OC010COOOOOOO 
11 2 6 liN 0 0 0 CCJ00100COOOOOOO 
1? 2 f: ~~\)0 c 0 OOJ010COGOCOOUOO 
------------ -- ---------- -----
---- -
--- ------. ---
13 ?. A "'"'f) G (j G0010000COOOOOOO 
14 ?. h f, I'~ r) 0 0 00l00000000CvGOO 
15 7 f) .v~n 0 0 C10000COOOCOOCOO 
16 ?. f-., t.ND 0 0 lOOOOOOOOCOOOCOO 
------ - ------ - --
1 2 7 A ~I[) l 1 1 0000COJ000000100 
4 2 7 li\lf) l I 1 OGJOOOGOOOGOlOOO 
r; 2 7 A~m 1 1 1 OJOGG00000010000 
t ?. 7 MJD 1 1 1 0000000000100000 
~ --------- ------ -·-···-~---
7 ?. 7 ANfJ 1 1 1 OOOOG000010GOOOO 




7 AND 1 1 1 G000000100COO::>OO 
1( 2 7 A 1'' f) l 1 l OCOOOC10GJOOOOOO 
---------
-- - - -- --~--- -- --
ll 2 7 AND 1 1 1 C'OOOOlOOCJCOOUOO 
12 2 7 MID 1 1 1 COOQ1CCOOOOOOOOO 
13 2 7 ANn 1 1 1 GC0100COOOCOG:JGO 
14 2 7 MW 1 1 1 OOlCOCOOOOCOOOOO 
15 2 7 A~: f) 1 1 1 010 0-00 000GOC>OOOO 
If. ? 7 Mil! 1 1 1 1000000000000000 
1 2 7 AN 0 1 1 2 OCOOOOOOOOOuOOOl 
'2 7 7 t.Nn l 1 2 OOOOOOOCOCOOOGlO 
------- --
--------------
--------- --- . . -
~ 2 7 ANI) 1 1 2 OOOOOOQOu0000100 
4 2 7 AND 1 1 2 0000000000001000 
---~ ·""-· -- ----=-~-~-:.-::.:...-:.=-: 
------- ------ -----
5 2 7 AND 1 1 2 (;00000 00 oooi 0000 
6 2 7 MW 1 1 2 OOOUOOOOOOlOOQOO 
9 2 7 AND 1 1 2 0000000100000000 
1( 2 7 MH) 1 1 2 OOOOL010COOOGOOO 
--~-13 ? 7 ANO 1 1 ? ooo 1 ooooocToocmcro 
14 ? 7 II~: f) 1 1 2 0010COOOOOVOOOOO 
1 2 7 fiNO u 0 OOOOOOGOOOCOOuGl 
2 2 7 ANn 0 0 CCJJOOOOOOOOOOIO 
- -------- ---
3 ? 7 AND 0 l coo6G-u1Tocfcc~oo1 co 
4 ?. 7 AN[) c 1 OOOGC00000001000 
5 2 7 AND 0 0 0010CUU000u10000 
6 2 7 At\IQ 0 0 0000000000100000 1.0 
0 
15 3 1 ~Nn 1 1 2 o1aooooooooooooo 
1 f. 3 l AND 1 1 2 100 000 OtlOOOOOOOO 
1 
























AND 0 0 OOOOC00000000001 
1 AND 0 0 O_Q_Q_QQQQOQQQ_OOO 10 ___ _ 
1 fiNn 0 0 C000000000000100 













1 2 0030001000000000 
l 2 OOOOlOOOOOOCUOuO 
1 2 OOlOOOOOOCOOOGOO 



























ANO 1 l 2 1COOOOOUOOOOOGOO 
1\ N f1 0 0 CJOOOOOJOOOG0001 
fiNO 0 0 CC00000000000010 



















ANi) a a 
"'~w o ----o-




-----GOO UOO OQC l UOOO J(J 
OuuvOOOJlCOOOOOO 
00 :JOOO C l(J(.;OO J:J ·JO 
OOOOOOlOCOOOOOQO 
OOOOOlOOOuCGOJOO 
OOOOlOJOOOOCJOCO \CJ I-' 
----- -------·--
15 2 8 AND 0 0 0100000000000000 
16 2 8 AND 0 0 lllililllOQOOOOOOOOO 
1 3 1 AND 1 1 l OOJ0000000000001 
2 3 1 AND 1 1 1 OOOOOOOQ_O_Q_Q_OQ_QlQ ____ _ 
3 3 1 AND 1 1 1 0000000000000100 
4 3 1 IH.!O ___ L__ 1 1 OllililO_O_QDOOOO 1000 
5 ~ 1 AND 1 1 1 000000000001000() 
6 3 1 A~IO 1 1 1 OOOOOOOO_C_Q_HlOQ_O_\L_ __ _ 
7 3 1 ANO 1 1 1 0000000001COOOOO 
..o.----....:~;;__ _ 1 ANn __ l 1 1 OOOOGOJOIOOOOOOO 
9 1 1 AND 1 1 1 0000000100000000 
1 C 3 1 A"JD 1 1 1 OOOOOQlilllQ_Q_QJ.HlQ.""'------
11 3 1 AND 1 1 l 0000010000000000 
1 1 t\ND ___ l_ 1 1 00001 OODCOCOOOOO 
13 3 1 AND 1 1 1 0001000000000000 
__ L4 3 1 AND 1 1 1 OiU_QOOOOOQ_QQQQQQ ____ _ 
16 3 1 AND 1 1 1 1000000000000000 
1 m 1 ~NO 1 1 2 OOOOCOOOOOQQOOO l 
~ 3 1 AND 1 1 2 0000000000000100 
__ __5 3 1 AJJD 1 l 2 OOOQOQ_QQCO_QlO_O_O_Q ____ _ 
7 3 1 AND 1 1 2 0000000001000000 
Q.. 3 1 AND 1 1 2 OC00000100CUO_O_O_Q 
11 , 1 AND 1 1 2 0000010000000000 
___ __13__ 3 1 A~D 1 1 2 0001000000000000 
'-0 
1\.) 
1 2 8 AND 1 1 2 0000000000000001 
2 2 R AND 1 1 2 0000000000000010 
---------
3 2 A A~D 1 1 7 CO'J0000000000100 
4 2 8 ~NO 1 1 2 OOOOOOOOOOOOl:JOO 
7 2 8 AND 1 1 2 0000000001000000 
R ;> A AND 1 1 2 0000000010000000 
11 ?. 8 AND 1 1 2 0000010000000000 
12 2 8 MJO 1 1 2 OOOOlOOOOOCOOOOO 
15 2 R AND 1 1 2 01000000000COOOO 
In 2 8 MW 1 1 2 1000GOOOGOOOOOOO 
1 2 R AND 0 1 0000000000000001 
2 2 e AND 0 1 0000000000000010 
3 2 A MJD 0 0 OG00000000000100 
4 ? p fl N 0 0 0 0000000000001000 '-
~~ 
5 2 ~ AND 0 0 OOOOOOOOOOClO~CO 
6 2 B A"JD 0 0 0000000000100000 
7 ? 11 ANO 0 0 0000000001000000 
R 2 R AND 0 0 COOu000010000COO 
- -- ·-- - ------- -- ----
Q 2 8 AND 0 0 00000() 01 oo·oaocoo 
10 2 8 AND 0 0 OOOJ001000000000 
11 2 R MW 0 0 OU000100u0000000 
12 2 8 A~D 0 0 0000100000000000 
------- ·-- ~---------- --·-
13 ? A AND 0 0 0001000000000000 
14 2 8 hND 0 0 0010000000000000 1.0 w 
-- ----·--
13 3 ., L. 







f'l ______ 1 
2 
? 
irm ____ o ----1 









































3 3 AND l 
l 
l 




1 ANO 0 0 
1 AND 0 0 
1 AND 0 0 
3 1 AN~ 0 0 
3 1 t. NO 0 0 
3 1 AND 0 0 
3 l AND C 0 






























13 .3 1 AND 0 0 0001 OOOOOOCOOO 00 
1" ~ 1 AND 0 0 COl 0000000000000 
15 3 1 ~NO 0 0 0100000000000000 
16 3 1 AND 0 l 1000000000000000 1.0 
,j:>. 
1 3 ? 
2 3 2 
3 3 2 
4 3 2 
-
5 3 2 
6 1 2 
7 3 2 
A 3 2 
q 3 2 
10 3 2 
11 1 2 
12 3 2 
---~~~---
13 3 2 
14 1 2 
15 3 2 
2 3 2 
----- - --- -----------·--
4 3 2 






























































9 3 3 AND 1 1 1 0000000100COOOOO 
lC 3 3' AND l 1 l OOOOC01000000000 
11 3 3 AND l l l 0000010000000000 
12 3 3 AND l l l 0000100000000000 
14 3 3 AND 1 1 1 0010000000000000 
15 3 3 AND 1 1 l 0100000000000000 
16 3 3 AND 1 1 . l 1000000000GOOOOO 
1 3 3 A~D 1 1 2 OCOOOuOOOOCOOOG1 
3 3 3 AND 1 1 2 GOOOOOOOG0000100 
5 3 3 AND 1 1 2 OOOOOOOOCOG10000 
7 3 3 AND 1 l 2 0000000001000000 
9 3 3 AND 1 1 2 0000000100COOOOO 
11 3 3 ANO 1 1 2 0000010000000000 
13 3 3 AND 1 1 2 0001000000000000 
14 3 3 AND 1 1 2 0010000000000COO 
15 3 :. AND 1 1 2 0100000000000000 
-
1 3 3 MJD 0 0 0000000000000001 
2 3 3 MJO 0 0 OOOOOOOOGOCOOOlO 
') 3 3 AND 0 0 0000000000000100 
-' 
4 3 3 AND 0 0 0000000000001000 
----·--·- -
5 3 3 AND 0 0 o o o o o oouocforo oo o 
6 3 3 i\ND 0 0 OOOOOOOOCOIOOOOO 
1 3 3 AND 0 0 G000000001000000 




oouooo Ol00C(fc(Y6o 9 3 3 ANO 0 0 
lC 3 3 AND 0 0 OOOOOOlOGOOOOOOO 
11 3 3 ANO 0 0 OCOJOlOOCGOOOOCO • 
12 3 -:>. AND 0 0 (;000100000000000 
·' 
---
13 3 3 AND 0 0 000 l 000000000000 
14 3 3 !\ND 0 1 0010000000000000 
- ·-- --- --
15 3 3 ANI) 0 0 010000()000000000 
16 3 3 AND 0 0 1000000000000000 
1 3 4 ANO 1 1 1 000000000000000! 
2 3 4 ANn 1 1 1 0000000000000010 
3 3 4 1\ND l --1-~ OCOOOOOOOOOOOICO 
. 
4 3 4 /\NO 1 1 1 0000000000001000 
5 3 4 MiO 1 1 1 0000000000010000 
6 3 4 Af\10 l l 1 OGOOOOOOC0100000 
--7 3 4 AND 1 1 1 ooooooooolooocco 
8 3 4 AN[) 1 1 1 0000000010COOOOO 
c 3 4 AND 1 1 1 00000v010GOGGOOO 
lC 3 4 AND 1 1 1 0000001000000000 
1f 3 4 AND 1 1 l OufJOOl OObOOOOCfOb 
12 3 4 AND 1 1 1 OCOOIOOOOOCOOOOO 
13 1 4 AND 1 1 l 0001 oooooouooooo 
15 3 4 AND 1 l 1 0100000000000000 
16 3 4 AND l l 1 rooooooooooooooo 
2 3 4 ANO l 1 2 0000000000000010 1..0 
~ 
4 3 4 AND 1 1 2 0000000000001000 
6 3 4 AND 1 1 2 0000000000100000 
8 3 4 AND 1 1 2 OOOUOOOOlOCOObOO 
10 1 4 AND 1 1 2 0000001000000000 
12 3 4 AND 1 1 2 0000100000000000 
13 3 4 AND 1 1 2 0001000000000000 
14 'l 4 M10 1 1 2 oo 1 oooooocmooooo ... 
16 3 4 AND 1 1 2 1000000000000000 
1 3 4 AND 0 0 OOUOOuOOOOOOOGOl 
2 
' 
4 AND 0 0 0000000000000010 
3 3 4 AND 0 0 oooocooccoooaToo 
. 
4 3 4 AND 0 0 0000000000001000 
_,__________.__ ___ 
5 3 4 AND 0 0 0000000000010000 
6 ~ 4 AND 0 0 OOJOOOOOCOIOOOOO 
7 3 4 AND 0 0 OOOOCOOOOlOOOOOO 
8 3 4 AND 0 0 0000000010000000 
9 ~ 4 AND 0 0 OOOOOOG!OOCOOOOO 
10 3 4 AND 0 0 0000001000000000 
11 3 4 AND 0 0 0000010000000000 
12 3 4 AND 0 0 00001000COOOOCOO 
13 3 4 ANO 0 1 00010000COOOOOOO 
14 3 4 hNJ) 0 0 001COOOOCOOOOOOO 
15 3 4 ANO 0 0 0100000000000000 
16 3 4 AND 0 0 1000000000000000 ~ 
co 
--
1 3 5 AND 1 1 1 0000000000000001 
2 3· 5 AND 1 1 1 OOOOC'OOCOOOOOOlO 
3 3 5 AND 1 1 1 0000000000000100 
4 3 5 AND 1 1 1 0000000000001000 
5 3 5 AND 1 1 1 0000000u00u10000 
6 3 5 AND 1 1 1 OOOOC000001COOOO 
7 3 5 AND 1 1 1 0000000001COOOOO 
8 3 5 AND 1 1 1 OGOOOOOU100000CO 
9 3 5 AND 1 1 1 0000000100000000 
10 3 5 AND 1 1 1 OOJ00010000UOOOO 
12 3 5 AND 1 1 1 0000100000000000 
13 3 5 AND 1 1 1 0001000000000000 
14 3 5 AND 1 1 1 0010000000000000 
15 3 5 ANO 1 1 1 0100000000000000 
16 3 ') AND 1 1 1 1000000000000000 
1 3 '5 AND 1 1 2 00000000(,0000001 
-
3 3 5 AND 1 1 2 oooooooooooooioo 
5 3 5 AND 1 1 2 0000000000010000 
7 3 5 AND 1 1 2 oooooooo0Tooocoo 
9 3 5 ANI) 1 1 2 0000000100000000 
11 3 5 AND 1 1 2 0000010000000000 
12 3 5 AND 1 1 2 0000100000000000 
13 3 5 AND 1 1 2 00010000000000~ 
15 3 5 AND 1 1 2 0100000000000000 
\.0 
\.0 
1 3 5 ANO 0 0 oooooooooouuooo 1 
2 3 5 AND 0 0 OOJOOOOOOOOOOC10 
3 3 5 AND 0 0 ooooooooooomnoo 
4 3 5 AND 0 0 0000000000001000 
5 3 5 AND 0 0 oooooooooootoooo 
6 3 5 AND 0 0 0000000000100000 
7 3 5 AND 0 0 coo ooo ooo 1 oooo-uo 
8 3 5 AND 0 0 0000000010000000 
q 3 5 AND 0 0 0000000100000000 
1C 3 5 AND 0 0 0000001000000000 
11 3 5 AND 0 0 001)0010000000000 
12 3 5 AND 0 1 0000100000000000 
13 3 5 AND 0 0 oootooooooocoooo 
14 3 5 AND 0 0 OC10000000000000 
15 3 5 AND 0 u 01 ouoc odooOtfooOo 
16 3 ') AND 0 0 1000000000000GOO 
1 3 6 AND 1 1 1 OOJOCOOOOOCOOOOl 
7 3 6 AND 1 1 1 0000000000000010 
3 3 6 1\Nh 1 1 1 o o o o oo ootlo oo onfo 
4 3 6 AI'\ f) 1 1 1 0000000000001000 
5 3 6 fiNO 1 1 1 0000000000010000 
6 3 6 I\ NO 1 1 1 0000000000100000 
-·- ----- ---- 3 -- ·--- --· ·- 6 A~b 1 1 1 . ooou onorroTucnro·oa 7 
A 3 6 AND 1 1 1 0000000010000000 f-' 0 
0 
·-- -4- --
9 3 6 AND 1 1 1 COOOOOO l OCOCOCOO 
lC 3 6 J\NO 1 1 1 000 000 100000000e 
11 3 6 AND 1 1 1 00000100COOOOOOO 
13 3 6 AND 1 1 1 OGOlOOOOCOOOOOOO 
14 3 6 AND 1 1 1 0010000000000000 
15 3 f:, AND 1 l 1 0100000000000000 
l fl 3 f, AND l 1 1 1000000000000000 
2 3 6 AND l 1 2 OOOOCOOOOOOOOOlO 
4 3 6 AND 1 1 2 vOOUOOOOOOOO l OOO 
6 3 6 A~O 1 1 2 0000000000100000 
8 3 6 AND 1 1 2 0000000010000000 
10 3 6 ANO 1 1 2 GOOOOOlOOOOOOOOO 
11 3 6 AND 1 1 2 CO OOO l OOGOOOOOOO 
12 3 6 AND 1 1 2 00001000000COOOO 
14 3 6 ANO 1 1 2 0010000000000000 
1fl 3 6 AND 1 1 2 1000000000000COO 
--
1 3 6 AND 0 0 0000000000000001 
2 3 6 AND 0 0 COOOOOOOOOOCOO lO 
3 3 6 fiNO 0 0 0000000000000100 
4 3 6 fiND 0 0 0000000000001000 
5 3 6 AND 0 0 00 000000000 10000 
6 3 6 fiNO 0 0 0000000000100000 
7 3 6 AND 0 0 0000000001000000 
R 3 6 AND 0 0 0000000010000000 I-' 
0 
I-' 
q 3 6 AND 0 0 0000000100000000 
lC 3 (, ANr> 0 0 0000001000000000 
11 3 6 t\NO 0 l OOUOOlOOGOCOOOOO 
12 3 6 ANn 0 0 OC0010000COOOOOO 
---- .. - ··-----· ··-- -- - -~--~----
13 3 6 AND 0 0 00010000UOOOOOOO 
14 3 6 l\Nf1 0 0 0010JOUOOOOOOOOO 
. -- .. ------ -·-· ---
- -- ·- ------· 
15 "3 6 ANO 0 0 0100000000000000 
16 3 6 ANO 0 0 1000000000000000 
1 3 7 AND 1 1 1 OOOGOOOOOOOOJ001 
2 3 7 M~D 1 1 1 OOJOOOOOOOC00010 
3 3 7 ANI) 1 1 1 oooooooooooooloo 
4 "3 7 ANO l 1 1 0000000000001000 
5 3 7 ANO 1 1 1 0000000000010000 
6 3 7 MW 1 1 1 OOOJ000000100COO 
---
7 3 7 AND 1 1 1 ocoooo ooo 1 c·aa1Too 
Fl 3 7 MJD 1 1 1 0000000010000000 
10 3 7 AND 1 1 1 0000001000000JOO 
11 3 7 fiNO 1 1 1 0000010000000Cu0 
12 3 7 A"JO 1 1 1 ooo 010 ooo 000 UOllO 
13 3 7 ANn 1 1 1 00010000COOOOOOC 
14 3 7 AND 1 ] 1 OOlOOOOOOOGOOOOO 
15 3 7 I\ NO 1 1 1 0100000000000000 
-- --u,------- ---3 7 ANO 1 1 1 1000COOOOOOOOOOO 
l 3 7 AND 1 1 2 0000000000000001 f-' 0 
I\) 
3 3 7 AND 1 1 2 0000000000000100 
5 3 7 AND 1 1 2 0000000000010000 
7 3 7 ANO l 1 2 00000000010000 00 
9 3 7 AND 1 1 2 0000000100000000 
lCJ 3 7 AND 1 1 2 0000001000000000 
11 1 7 AND 1 1 2 00000 10000000000 
13 3 7 AND 1 1 2 000 lOOOOUOOOOoOu 
15 3 7 AND 1 1 2 0100000000000000 
l 3 7 AND 0 0 0000000000000001 
2 3 7 AND 0 0 OOOOOOOOOOOOG010 
"l 3 7 AND G 0 OOOOOOOOOGOOOlOO ~ 
4 3 7 AND 0 0 0000000000001000 
-~· . .. 
5 3 7 AND 0 0 ooooovoo·a-ooTooco--
6 3 7 AND 0 0 0000000000100000 
7 3 7 AND 0 0 GOOOOUOOClOOOOOO 
8 3 7 AND 0 0 OOJOOOOOlOOOOOOO 
9 3 7 AND 0 0 OOOOGOOlOOOOOOOO 
10 3 7 A~D c 1 OOuOOOlOOOOOOOOO 
11 3 7 AND 0 0 0000010000000000 
12 3 7 1\ND 0 0 0000 100000000000 
. · - 7 0 0 oooiooovooooo0oo 13 3 AND 
\4 3 7 ANO 0 0 0010000000000000 
1'> 3 7 AND 0 0 ClOOOOOOOOCOOOOO 




1 3 8 AND 1 1 1 0000000000000001 
2 3 R AND 1 1 1 000 0000000000•) 10 
3 3 8 AND 1 1 1 0000000000000100 
4 3 ~ /\NO l 1 1 OOQ0000000Cu1000 
5 3 A AND l 1 1 0000000000010000 
6 3 8 AND 1 1 1 OC00000000100000 
7 3 8 A"ID 1 l 1 0000000001000000 
p 3 8 AND 1 1 1 G0000000100000CO 
q 3 A AND 1 l 1 0000000100000000 
11 3 A AND 1 l 1 000001000UGOOOOO 
1? 3 R AND 1 1 1 000010COCOOOOOOO 
13 3 B AND 1 l 1 C00100C000000000 
------------
14 3 8 AND 1 1 1 OC 1 OOOOOOOOO~OO<YO 
15 3 A fiNO 1 1 1 C100000000000000 
16 3 e AND 1 1 1 l000000000COOJOO 
2 1 B AND 1 1 2 OOOOOOOOOGOOC010 
---
----
4 3 8 AND 1 1 2 ooooooooooooTooo 
6 3 8 ANO 1 1 2 0000000000100000 
- ·--- - - --
p 3 8 ANn 1 1 2 ooo oo<H5o1ooooooo 
9 1 p AND 1 1 2 0000000100000000 
10 3 8 A~O 1 1 2 OOOOOOlOOOOOOOOO 
12 3 A AND 1 1 ? 0000100000000000 
---1-4 1 8 AND 1 1 2 oo 1 ooooooocrco-ooo 
16 1 8 AND 1 1 2 1000000000000000 I-' 
0 
A 
1 3 8 AND 0 0 OOJOOOOOOOOCOOOl 
2 3 8 AND 0 0 0000000000000010 
3 3 8 ANO 0 0 oooooooooooooroo 
4 3 8 AND 0 0 OC00000000001000 
5 3 R A"JO 0 0 0000000000010000 
6 3 8 AND 0 0 0000000000100000 
7 3 8 AND 0 0 OOOOOOOOG1000JOO 
A 3 A AND 0 0 0000000010000000 
9 3 8 AND 0 1 0000000100COOOOO 
10 3 8 AND 0 0 0000001000000000 
11 ~ 8 ANO 0 0 0000010JOOOOOCOO 
12 3 A AND 0 0 0000100000000000 
13 3 A AND 0 0 0001000000000000 
14 1 A AND 0 0 OClOOOOOGOOOOOOO 
15 3 8 AND 0 0 0100000000000000 
16 3 8 AND 0 0 1000000000000u00 
1 3 9 AND 1 1 1 0000000000000001 
2 3 9 AND 1 1 1 0000000000000010 
----~f 3 Q AND l 1 1 oooooo oooo-rYoo 1. oo 
4 3 q A"JD 1 1 1 OOOOOOOOJOOOlOOO 
5 3 9 ANO 1 1 1 0000000000010000 
6 3 q A~D 1 1 1 0000000000100000 
_______ f:l ___ -----~----------9 AND 1 1 1 0000000010000000 
q AND 1 1 1 1-' Q 3 0000000100000000 0 (Jl 
- ------- -- --
10 3 9 AN!) 1 1 1 0000001000000000 
11 3 9 ANO 1 1 1 0000010000000000 
12 3 9 AND 1 1 1 0000100000000000 
13 1 q AND 1 1 1 0001000000000000 
14 3 9 AND 1 1 1 0010000000000000 
15 3 9 AND 1 1 1 0100000000000000 
16 3 C) AND 1 1 1 1000000000000000 
1 3 9 AND 1 1 2 0000000000000001 
3 3 q ANO 1 l 2 000000000001)0100 
5 3 9 AND 1 1 2 OOOOOOOOUOC10000 
7 3 q AND 1 1 2 0000000001000000 
8 ~ 9 ANO 1 1 2 0000000010000000 
9 3 q AND 1 1 2 0000000100000000 
11 3 9 I\ NO 1 1 2 0000010000000000 
13 3 9 ANO 1 1 2 0001000000GOOOOO 
15 3 9 AND 1 1 2 0100000000000000 
1 3 q AND 0 0 0000000000000001 
2 3 9 AND 0 0 COOOOOOOOGOOOOlO 
'3 3 Q AND 0 0 0000000000000100 
4 3 9 AND 0 0 0000000000001000 
- . 
5 1 9 AND 0 0 0000000000010000 
6 3 9 AND 0 0 0000000000100000 
1 3 9 AND 0 0 OOOOOOOOOlCOGOOO 
8 3 9 AND 0 1 0000000010000000 ...... 0 
0"1 
--·------ ----·-··-------- -------------. ---- --·-
oo66ooa1b6oooooo 9 3 q ANO 0 0 
10 3 9 AND 0 0 0000001000000000 
11 3 g AND 0 0 CG00010000COOOCO 
12 3 9 AND 0 0 00001000000'JOOOO 
- -------· 
13 3 9 AND 0 0 coo nrucut-o6ooo-oo 
14 3 9 AND 0 0 0010000000000000 
15 3 q AND 0 0 
---~ 01 OOOOOOOOGOOOOO 
16 3 9 ANI) 0 0 1000000000000000 
1 , 10 AND 1 1 1 0000000000000001 
2 3 1C AND 1 1 1 0000000000000010 
3 3 10 AND 1 1 1 OOOOOOOJOOCOOlOO 
4 3 10 AND 1 1 1 OCOOOOOJ00001000 
5 3 10 AND 1 1 1 a oo~1oo·Ju uoo nrooo 
6 3 10 AND 1 1 1 0000000000100000 
7 3 10 AND 1 1 1 ocooonommmoooo 
9 3 10 AND 1 1 1 0000000100000000 
10 3 10 .AND 1 1 1 oooooGtoGotouooo 
11 3 10 AND 1 1 1 0000010000000000 
12 3 10 AND 1 1 1 00001000000GOOCfO 
13 3 10 /\NO 1 1 1 OGOlOOOJOOOOOOOO 
14 3 10 !\NO 1 1 1 0010COOOOOOOOOOO 
15 3 10 AND 1 1 1 0100000000000000 
-·-16 3 10 AND 1 1 1 1000000000000000 
I-' 


























































































10 AND 0 0 
lC AND 0 0 
10 AND 0 1 































G 0 OOOOOOlOOOUGOOOO 
0 0 0000010000GCOOCC 
0 0 0000100000000000 
-------·--- --
~NO 0 0 0001000000000000 
AND 0 0 0010000000000000 
AND 0 0 0130000000000000 





1 3 11 AND 1 1 1 OOC>OOOOOOOCCOOOl 
2 3 11 AND 1 1 1 OOOOOUOOCOC00010 
3 3 11 ANO 1 l 1 OOOOCOOOOOvC0100 
4 3 11 AND 1 1 1 0000000000001000 
----------
6 3 1 1 AND 1 1 1 00000uu000100000 
7 ~ 11 AND 1 l 1 0000000001000000 
8 3 1 1 AND 1 1 1 COOOOGOOlOOOOOOO 
9 3 11 AND 1 1 1 0000000100000000 
10 3 11 AND 1 1 1 OOUOCClOOOOOOOOO 
11 3 11 liND 1 1 1 0000010000000000 
12 3 11 AND 1 1 1 0000100000000000 
13 j 11 AND 1 1 l COOlOOOOCOCOOOOO 
--------------
14 3 1 1 AND 1 1 1 oo 1 oco o6ooob-6ooo 
15 3 1 1 ANO 1 1 1 OIOOOOOOGOOOOOJO 
16 1 11 AND 1 1 1 1000000000COOOOO 
1 3 11 1\N D 1 1 2 0000000000000001 
------ ---- ·- ----------- ------------·· 
3 3 11 AND 1 1 2 coo o oo o oo o o ooTcfo 
5 j 11 ANI) l 1 1 OOOOOOOOOOG10000 
- -
6 3 11 AND 1 1 2 0000000000100000 
7 3 11 ANO 1 1 2 0000000001000000 
q 3 11 AND 1 1 2 COJ000010L000000 
1 1 3 1 1 ANO 1 1 2 GOOOG100COOOOOOO 
f3 1 1 1 ANO 1 1 2 0001000CC0000000 
15 3 11 hNO 1 l 2 0100000000000000 I-' 0 
1.0 
- ----
·----·-- ~----- -·--- -·--- --- ~ ~----- ·------------- ---- ------~·~ 
10 1 12 A~! f) 1 1 1 OCJOC01~000GUlJO 
11 1 1?. Mlf) 1 1 1 0()01](' l 0000000000 
12 3 1? AN11 l 1 1 001010 Q:)COJOOCOO 
13 
' 
12 ANr> 1 1 1 OOOIOCOOCOCJOOOO 
--- ~- -·---- -------- --- -
14 3 12 AND l l 1 OulCOOOOOGCGCCOO 
15 3 17 MJI) 1 1 ] 01 JJ000·)000CC 000 
16 3 12 ArW 1 1 l 100JOCO.JOUOOOOOO 
7 3 12 MW l 1 2 OOOJ000000000010 
- --
------ ----------- -- --
4 "3 12 ANn 1 1 2 0000000000001000 
5 1 12 J\ND 1 1 2 0000000000010000 
6 3 12 AND l l 2 OG000u00001UOOOO 
A 1 12 MJO 1 1 2 0000000010GGOOOO 
-
10 3 12 AND 1 1 2 ooo oco-i oc-ooo oo o6 
12 3 12 AND 1 1 2 0000100000000000 
14 3 12 ANO 1 l 2 0010000000000000 
1~ 3 12 ANO 1 1 2 1000000JOUOOOGOO 
-
1 3 12 AND 0 0 UOOOOOOOOOOOOC01 
2 3 12 AND 0 0 0000000000000010 
3 3 12 AND 0 0 0000000000000100 
4 3 12 AND 0 0 0000000000001000 
r; 3 12 AND 0 1 OOOOOOOOC0010COO 
6 3 12 AND 0 0 0000000000100000 
1 3 12 AND 0 0 0000000001000000 
A 3 12 AND 0 0 0000000010000000 ·f-' f-' 
0 
9 3 12 AND 0 0 0000000100000000 
10 3 12 AND 0 0 0000001000000000 
11 3 12 AND 0 0 OOOUC10QCiOOOOOOO 
12 3 12 AND 0 0 0000100000000000 
-
13 3 12 M~D 0 0 0001000000000000 
14 3 12 AND 0 0 0010000000000000 
--
15 '3 12 AND 0 0 0100000000000000 
16 3 12 AND 0 0 l00000000000CCOO 
1 3 13 ANO 1 1 1 0000000000000001 
2 3 13 ANO 1 1 1 0000000000000010 
4 "3 13 AN 0 l 1 1 OOOOOOOOOOG01000 
5 3 13 A !\If) 1 1 1 OOOOOOOOOOL100CO 
6 3 13 AND 1 1 1 00000000001COOOO 
7 3 1~ ANO 1 l l OOQ0000001COOOOO 
8 3 13 AND 1 1 1 0000000010000000 
9 3 13 AND 1 1 1 OOOOOCOIOOOOOOOO 
10 .3 11 AND 1 1 l 00000010000000~0 
11 3 13 1\N 0 1 1 1 00~0010000000000 
12 3 13 AND 1 1 1 000010 00000000 00 
13 "3 13 ANO 1 1 l OOOICOOOOOCOOOOO 
14 3 13 AND 1 1 1 0010000000000000 
15 3 13 AND 1 1 1 0100000000000000 
16 3 13 AND 1 1 1 1 oouoo oooouooooo 1-' 
I-' 
1 3 13 ANO 1 1 2 0000000000000001 1-' 
3 3 13 AND 1 1 2 ---~ --- -ooooooooooooo 100 
4 "3 13 AND 1 1 2 OOOOOOOOOOC01000 
5 3 13 AND 1 1 2 oooo oo oocmo rocroo 
7 3 13 AND 1 1 2 ('000000001000000 
9 
' 
13 M-W 1 1 2 ooooooo 1 ccoo-ucoo 
11 3 13 AND 1 1 2 0000010000000000 
1.3 3 13 AND 1 1 2 ooo 1 oo ooooo·mrcoo 
15 3 13 AND 1 1 2 OlOOOCOOOuOOuOOO 
1 3 13 AND 0 0 OOOUOOOOU0000001 
2 3 1, A"ID 0 0 0000000000000010 
3 3 13 AND 0. 0 ooooooovTIOTIOoTOU / 
4 3 11 AND 0 1 0000000000001000 
-- -
5 3 13 f\ND 0 0 OCOOOOOOOOC10000 
6 3 13 fiNO 0 0 OGOOOOOOC0100000 
7 3 13 r..N n 0 0 0000000001000000 
R 3 13 AND 0 0 OOOOOG0010000COO 
g 3 13 MID 0 0 0000000100000000 
10 3 13 AND 0 0 0000001000000000 
11 3 1 3 MID 0 0 · OOOOOlOOOOCOOOOO 
12 3 13 AND 0 0 0000100000000000 
--- 3 13 AND 0 0 00010000COOOOOOO 13 
14 3 13 AND 0 0 0010000000000000 
15 3 13 AND 0 0 OlOOOOOOCOOOOCOO 1-' 
13 AND 0 0 1C000000COCOOOOO 
1-' 
16 3 1\.) 
AND 1 1 1 ------------- ------· ·- --·- ----1 3 14 0000000000000001 
2 3 14 ht\10 1 1 1 OOOOOOOOOCCCOOlO 
3 3 14 AND 1 1 1 0000000000000100 
5 3 14 AND 1 1 1 0000000000010000 
6 3 14 AND 1 1 1 ----- --0000000000100000 
7 3 14 Af-10 1 1 1 000u000001COOOOO 
8 3 14 Af\10 1 1 1 OOOOOOC010000000 
q 3 14 ANO 1 1 1 0000000100000000 
--
1 (', 3 14 AND 1 1 1 oco oooTooocooo oo 
11 3 14 AI'!D 1 1 1 OGQOGIOOOOOOOOOO 
12 3 14 AND 1 1 1 00u01000COOOOOOO 
13 l 14 ANO 1 1 1 000100000000000G 
---------· -.---------- ------- ----~-------- ---
... ·-·-·-- -·--. --14 3 14 ANO 1 1 1 OC10000000UOOOOO 
15 3 14 AND 1 1 1 OlOOCOOIJOOOOOOOO 
16 1 14 f\"Jf) 1 1 1 1000000000000000 
2 3 14 ANI) 1 1 2 OOOOOOOOG0000010 
.. -- --- ···- -
- -- -- - ----- ---. 
---------.. - . 
3 3 14 AND 1 1 2 0000000000000100 
4 1 14 /\NO 1 l 2 GG000000000010GO 
------- ---
~----------- ·---------- - OCOUC0000010UOCO 6 3 14 AND 1 1 2 
A 3 14 ANO 1 1 ? 0000000010000000 
10 ~ 14 h N f) 1 1 2 COU00010000JCOOO 
12 3 l'• AND 1 1 2 0000100000000000 
------ -- ----~----------3- 14 AND 1 1 2 CO 1 OOOOOOOO(foooo 14 
...... 
16 3 14 AND 1 1 2 lOOJOOOOOOOOOOOO ...... 
w 
1 3 14 AND 0 0 0000000000000001 
2 3 14 AND 0 0 00•)00000000000 10 
3 3 14 AND G l 0000000000000100 
4 3 14 AND 0 0 0000000000001000 
5 1 14 AND 0 0 0000000000010000 
6 j 14 AND 0 0 0000000000100000 
7 3 14 AND 0 0 0000000001000000 
A 3 14 A~O 0 0 COOOOOOO!OOOOOOO 
q ~ 14 AND 0 0 0000000100000000 
lC 3 14 /lND 0 0 0000001000000000 
----------~ 
11 3 14 f\ND 0 0 0000010000000000 
12 3 14 AND 0 0 0000100000000000 
13 3 14 AND 0 0 00010000000000GO 
14 3 14 AND 0 0 0010000000000000 
15 "3 14 s\ND 0 0 0100000000000000 
16 3 14 ANn 0 0 1000000000000000 
2 3 15 ANO 1 1 1 0000000000000010 
3 3 15 AND 1 1 1 OOOOOOOOC0000100 
4 3 15 /\NO 1 1 1 00000000000010-00 
5 3 15 ANn 1 1 1 0000000000010000 
6 1 15 AND 1 1 1 0000000000100000 
7 3 15 ANO 1 1 1 0000000001000000 
-ff---~j f5 M·m 1 1 1 0000000010000000 
1-' 
q 3 15 AND 1 1 1 0000000100000000 1-' 
,t::. 
lC 3 15 AND 1 1 1 0000001000000000 
11 3 15 /\NO 1 1 1 OOJ0010000000000 
12 3 15 AND 1 1 1 0000100000000000 
13 3 15 AND 1 1 1 0001000000000000 
14 3 15 ANT) 1 1 1 0010COOOOOOOOOOO 
15 3 15 AND 1 1 1 OlOCOOOOOOOOOOOO 
16 
' 
15 AND 1 1 1 1000COCOOOOOOOOO 
1 3 . 15 AND 1 1 2 0000000000000001 
2 3 15 AND 1 1 2 0000000000000010 
3 3 15 AND 1 1 2 0000000000000100 
5 3 15 AND 1 1 2 0000000000010000 
7 3 15 AND 1 1 2 0000000001000000 
9 3 15 AND 1 1 2 0000000100000000 
11 3 15 A~JO 1 1 2 0000010000000000 
13 3 15 AND 1 1 2 0001000000000000 
15 3 15 AND 1 1 2 0100000000000000 
1 3 15 AND 0 0 0000000000000001 
2 3 15 .t\NQ 0 1 0000000000000010 
3 3 15 AND 0 0 0000000000000100 
4 3 15 AND 0 G OU00000000001000 
--5 3 1 5 .1\NO 0 0 oooooo oo oc o 1-o-ocro 
6 3 15 AND 0 0 GOOOOOOOOOlOOOOO 
7 3 15 AND 0 0 0000000001000000 
f--' 
R 3 15 ANO 0 0 0000000010000000 
,__. 
Vl 
9 3 15 AND 0 0 0000000100000000 
1C 3 15 AND 0 0 0000001000000000 
11 3 15 AND 0 0 Qt;00010000000000 
12 3 15 !\NO 0 0 OOOC100000000000 
0 0 0001COOOOCOOOOOO --- 3 15 AND 13 
14 3 15 AND 0 0 OOlOOOOOOOGOOOOO 
15 3 15 AND 0 0 010000 oooocooooo 
16 1 15 AND 0 0 1000000000000000 
l 3 lh AND 1 1 1 0000000000000001 
3 3 16 ANO 1 1 1 0000000000000100 
4 3 16 AND 1· 1 1 OOOOOOOOOOUJ1000 
5 3 16 ANO 1 1 1 00000000000100CO 
6 3 16 AND 1 1 1 0000000000100000 
7 3 16 AND 1 1 1 0000000001000000 
---R 3 16 AN f) 1 1 1 0000000010000000 
9 3 16 AN f) 1 1 1 0000000100000000 
lC 3 16 AND 1 1 1 OOOOC01000000000 
11 3 16 ANn 1 1 1 0000010000000000 
12 3 16 AND 1 1 1 0000100000000000 
13 ~ 16 AND 1 1 1 0001000000GOOOOO 
14 1 16 .1\ND 1 1 1 0010GOCOOOOOOOCO 
15 3 1n AND 1 1 1 0100000000000000 
-·· ------ -- ---------·-
16 3 16 AND 1 1 1 1 0 0 0 0 0 000 0 (f\)jj"()"() 
t-' ~ 16 AND 1 1 2 0000000000000001 t-' 1 0'1 
'2 3 16 AND 1 1 2 OOOCOOOOu0000010 
4 3 16 AND 1 l 2 0000000000001000 
6 3 1h AND 1 l 2 oo oooo<ro ooTifoocfo 
R 3 lh AND 1 1 2 0000000010000000 
10 3 16 AND 1 1 2 OOOOGOlOOOCGOOOU 
12 3 16 AND 1 1 2 0000100000000000 
14 3 16 ~NO 1 1 2 001 OOObOOOC00-000 
16 3 16 f\ND 1 l 2 1000000000000000 
1 3 lA AND 0 1 0000000000000001 
2 3 16 AND 0 0 OOOOOOOCOOCOOOlO 
.. 
3 3 1(1 ANO 0 0 OOuOOOOOOOOOOlOO 
4 3 16 AND 0 0 00000{)0000001000 
5 3 16 1\ND 0 0 ()000000000010000 
6 3 16 ANQ 0 0 oo.woooooo 1 aoooa 
7 3 In fiND 0 0 0000000001000000 
0 0 OCOOOOOOl 
q 3 16 AND 0 0 OOJ0000100000000 
lC 3 16 ANO 0 0 OOOOOOlOOOCOOOOO 
11 ) 16 ~"Jf) 0 0 0000010000000000 
--12 3 16 AND 0 0 c au Ql.QOQQilllG ou.o o 
13 3 16 AN 0 0 0 CJCDlGOOOOOOOOOOO 
l4 3 16 A"IQ 0 0 CClOCQQOQOCCOOOO 
15 3 lf.. A~H) 0 0 01UOOOOOOOOOOOOO 
'--' 
'--' 1A 3 ] 6 AND c Q _]QQOOOOOOilllQQOQQ -.J 
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VITA 
Kanaiyalal Jekisondas Gandhi was born on October 20, 
1943 in Killa-Pardi, Bulsar, India. He received his 
primary and secondary education in Killa-Pardi, Bulsar. He 
received a Bachelor of Science Degree in Electrical 
Engineering from Birla Engineering College in June 1965. 
He had worked from June 1965 to January 1968 with 
Century Rayon, Bombay, India. He has been enrolled in the 
graduate school of the University of Missouri-Rolla since 
September, 1968. 
He was a graduate assistant during 1968-69. 
